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Title : NUMERICAL CONTROLLER HAVING AUTOMATIC PROGRAMMING 
FUNCTION 

2. Scope of Claims for Patent 

(1) A numerical controller having an automatic programming function, 
which creates numerical control data from working information that defines 
the geometry to be worked and position of a plurality of parts to be worked on 
a workpiece, and sequentially works the plurality of parts to be worked by 
controlling the relative movement between working tools in accordance with 
the numerical control data, the numerical controller comprising; a data 
inputting unit that inputs geometric data indicative of the geometry of a 
workpiece step part with which a working tool may possibly interfere when the 
working tool is positioned sequentially at the plurality of parts to be worked 
defined by the working information through the shortest distance route; a 
calculating unit that calculates the position of a clear point through which the 
working tool can be moved to the next part to be worked by bypassing the 
step part of the workpiece based on the geometric data; and a 
numerical-control-data creating unit that creates movement instruction data to 
move the working tool to the next part to be worked after letting go the working 
tool to the clear point when moving the working tool to the next part to be 
worked. 

(2) The numerical controller having an automatic programming function 
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according to claim 1, wherein the numerical-control-data creating unit 
includes: an interference detecting unit that detects a part at which a working 
machine interferes with a workpiece when the working tool is positioned 
sequentially at a plurality of parts to be worked defined by the working 
information through the shortest distance route; and a data creating unit that 
creates movement instruction data to move the working tool to the next part to 
be worked along the shortest distance route at a part where interference is not 
detected by the interference detecting unit, and to move the working tool to 
the next part to be worked after letting go the working tool to the clear point at 
a part where interference is detected. 

1) Definition of material geometry 

This step is a step for defining a material geometry of a workpiece to 
be worked by the working machine 20 and the detailed processing in this step 
is shown in Fig. 3(a). 

A workpiece W worked by a working machine of machining center 
type has a comparably large number of pits and projections, however, most 
workpieces W have a shape that resembles a combination of cuboid and 
cylinder in which a round hole and a square hole are bored. Because of this, 
in the present embodiment, cuboids and cylinders are used as basic material 
geometries and cuboids, cylinders, circular holes, and square holes are used 
as additional material geometries and the material geometry of the workpiece 
W is defined by a combination of the basic material geometries and the 
additional material geometries. 
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That is, the central processing unit 10 displays a cuboid and a cylinder 
in a top view and in an elevation, respectively, on a display screen 12a of the 
CRT display device 12 as shown in Fig. 8(a) and instructs an operator to input 
whether the general geometry of the workpiece W is a cuboid or cylinder at 
step (40). On the display screen, (A) is displayed above the cuboid and (B) 
is displayed above the cylinder and when the general geometry of the 
workpiece W is a cuboid, the operator operates on the "A" key and when a 
cylinder, the operator operates on the "B" key. 

It is assumed here that the workpiece W is a cuboid and the operator 
has operated on the "A" key. The central processing unit 10 stores data 
indicative of that the basic material geometry is a cuboid into a predetermined 
area of the random access memory RAM 1 and then advances the procedure 
to step (41) and deletes the screen shown in Fig. 3(a), and displays the top 
view and elevation of the cuboid in a vertical arrangement in a scaling zone 
12b provided on the left end of the screen of the CRT display device 12 and at 
the same time, on the right-hand side of the screen, a comment to prompt 
inputting of a dimension a of the cuboidal workpiece in the x-axis (width) 
direction, a dimension b in the y-axis (length) direction, and a dimension h in 
the z-axis (height) direction as shown in Fig. 8(b). 

When the operator inputs dimensional data in response to this, the 
central processing unit 10 reads and temporarily stores the data and then 
advances the procedure to step (42). At step (42), as shown in Fig. 8(c), the 
central processing unit 10 displays the top view and elevation of the cuboid 
having lengths in the directions of length, width, and height in proportion to the 
dimensional values input to the scaling zone 12b on the screen and at the 
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same time, displays a top view and elevation that are abstractions of four 
additional material geometries, that is, cuboid, cylinder, round hole, and 
square hole on the right-hand side on the screen and displays a comment to 
instruct the operator to select an additional material geometry in the 
bottom-right corner of the screen. 

When the workpiece W is a simple cuboid and does not have any 
additional material geometry and if the operator operates on the "N" key here, 
the procedure is advanced from step (43) to step (46) and no additional 
processing of material geometry is carried out, however, if a cylindrical 
projection projects upward from the center of the workpiece W as shown in 
Figs. 11(a), (b), the operator inputs "B" attached to the left of the top view and 
elevation of the cylinder on the screen using the keyboard 11. The central 
processing unit 10 then stores data indicative of that the additional material 
geometry of the workpiece is a cylinder and then advances the procedure 
from step (43) to step (45) and displays a diagram of relationship between 
dimensions indicating that the distances in the x-axis and y-axis directions 
from the reference position of the basic material geometry to the center of the 
cylindrical projection of the abstraction of the cylindrical projection are x, y, 
respectively, and the diameter and height of the projection are d, h, 
respectively, and notifies the operator to input the data. When the basic 
material geometry is a cuboid, the bottom-left corner is the reference position 
in the top view, however, when the basic material geometry is a cylinder, the 
center of the circle is the reference position in the XY plane. 

When the operator inputs the dimensions described above 
sequentially using the numeric keys in response to this and completes the 
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inputting of all of the dimensions, the central processing unit 10 returns the 
procedure from step (45) to step (42) and displays a top view and elevation of 
the cuboid, which is the basic material geometry, on which the cylindrical 
projection, which is the additional material geometry, is combined in the 
scaling zone 12b based on the input dimensional and positional data of the 
cylindrical projection. 

By repeating the same operation, it is possible to continue the 
addition of an additional material geometry, however, it is not necessary to 
define the round holes of working points P1 to P4 as a material geometry for 
the workpiece shown in Figs. 11(a), (b) because they are working holes, and 
therefore, the operator presses the "N" key to indicate that there is no more 
additional material geometry in this stage. Due to this, the central 
processing unit 10 advances the procedure from step (43) to step (50) in Fig, 
3(b) and completes the processing of the definition of material geometry. 
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